Background: Continued exposure to prolonged periods of intense exercise may unfavourably alter neuroendocrine, neuromuscular, and cardiovascular function. Objective: To examine the relation between quantifiable levels of exertion (TRIMPS) and resting heart rate (HR) and resting supine heart rate variability (HRV) in professional cyclists during a three week stage race. Method: Eight professional male cyclists (mean (SEM) age 27 (1) years, body mass 65.5 (2.3) kg, and maximum rate of oxygen consumption (V O 2 MAX) 75.6 (2.2) ml/kg/min) riding in the 2001 Vuelta a España were examined for resting HR and HRV on the mornings of day 0 (baseline), day 10 (first rest day), and day 17 (second rest day). The rest days followed stages 1-9 and 10-15 respectively. HR was recorded during each race stage, and total HR time was categorised into a modified, three phase TRIMPS schema. These phases were based on standardised physiological laboratory values obtained during previous V O 2 MAX testing, where HR time in each phase (phase I = light intensity and less than ventilatory threshold (VT; ,70% V O 2 MAX); phase II = moderate intensity between VT and respiratory compensation point (RCP; ,90% V O 2 MAX); phase III = high intensity (.RCP)) was multiplied by exertional factors of 1, 2, and 3 respectively. Results: Multivariate analysis of variance showed that total TRIMPS for race stages 1-9 (2466 (90)) were greater than for stages 10-15 (2055 (65)) (p,0.0002). However, TRIMPS/day were less for stages 1-9 (274 (10)) than for stages 10-15 (343 (11)) (p,0.01). Despite a trend to decline, no difference in supine resting HR was found between day 0 (53.2 (1.8) beats/min), day 10 (49.0 (2.8) beats/min), and day 17 (48.0 (2.6) beats/min) (p = 0.21). Whereas no significant group mean changes in HR or HRV indices were noted during the course of the race, significant inverse Pearson product-moment correlations were observed between all HRV indices relative to total TRIMPS and TRIMPS/day accumulated in race stages 10-15. Total TRIMPS correlated with square root of mean squared differences of successive RR intervals (r = 20.93; p,0.001), standard deviation of the RR intervals (r = 20.94; p,0.001), log normalised total power (r = 20.97; p,0.001), log normalised low frequency power (r = 20.79; p,0.02), and log normalised high frequency power (r = 20.94; p,0.001). Conclusion: HRV may be strongly affected by chronic exposure to heavy exertion. Training volume and intensity are necessary to delineate the degree of these alterations.
M
any changes in physiological variables occur with chronic exposure to intense training loads. When these training loads become excessive, a broad class of terms is used to describe the attenuation in subsequent training and performance response. The most common are overexertion, overreaching, and overtraining, all of which typically involve unfavourable cardiovascular, neuromuscular, and/or hormonal alterations. 1 2 To overcome the need for continual invasive measurements, exercise physiologists, coaches, and athletes often use resting heart rate (HR) to monitor fatigue and recovery relative to repeated training stimuli. 1 However, the data on resting HR are equivocal, showing lower, normal, and faster resting HR in athletes suffering from these maladies. 3 4 The reason for this disparity is not completely understood. Some theories suggest that these responses are due to exhaustion of the neuroendocrine system or a decrease in catecholamine sensitivity. [3] [4] [5] [6] Several studies suggest that alterations in autonomic balance that accompany strenuous exercise can be examined non-invasively by assessing heart rate variability (HRV). [7] [8] [9] [10] [11] [12] [13] Overtraining induced by heavy training increases cardiac sympathetic modulation during supine rest and attenuates baroreflex mediated response during an orthostatic manoeuvre. 12 14 Conversely, optimal exercise training increases cardiac vagal activity in relation to sympathetic activity. 15 16 HRV is a function of the synergistic action between the two branches of the autonomic nervous system, which act in balance through neural, mechanical, humoral, and other physiological mechanisms to maintain cardiovascular variables in an optimal range during changing external or internal conditions. Disease, emotional stress, and physical stress can all influence autonomic balance. Recent reports also show that HRV is inversely related to all-cause and cardiovascular disease mortality. 17 18 Thus, the examination of HRV relative to parasympathetic activity alone or in combination with sympathetic nervous activity may provide a functional, non-invasive assessment of cumulative exertion and related fatigue.
A topic not fully examined in the literature related to chronic physiological stress is relative training volume and intensity. We theorise that a technique that may help in the examination of chronic exertion and HRV is to account for exercise training volume and intensity by using the TRIMPS concept initially proposed by Banister and Calvert 19 and modified by Foster et al 20 where TRIMPS stands for training impulse. In this paper, we examine the HRV response of professional road cyclists competing in a three week stage race known as the Vuelta a España, the third of the three annual classic stage races after the Giro d'Italia (April) and Tour de France (July). This type of race typically lasts 21-22 days, entails 70-90 hours of competition, and covers 3000-3500 km with only two days of rest. Despite the long duration of the daily stages (four to five hours and 150-200 km), exercise intensity is often high during the more physically taxing events, such as riding over high mountain passes, time trials, sprints, and ''breakaways''. 21 On the basis of a report suggesting that the basal activity of the pineal gland, adrenal glands, and testis is decreased after such an event, 6 we believe that the nature of this race lends itself to the examination of HRV during chronic exposure to prolonged heavy exertion.
METHODS
We recruited eight male cyclists from one of the world's leading professional cycling teams. All were highly competitive in the professional category. Several finished within the top 10 of the Giro d'Italia, Vuelta a España, or Tour de France between 1995 and 2002. Their age (mean (SEM) 27 (1) years), height (179 (1) cm), body mass (65.5 (2.3) kg), and percentage body fat (8.3 (0.1)%) were assessed earlier in the season and before the race. Body fat was estimated using a skinfold method described elsewhere. 6 Maximum rate of oxygen consumption (VO 2 MAX) for each rider was assessed four to five weeks before the race. All the subjects were in good health without arrhythmic events, as established by a normal physical examination including electrocardiograph and echocardiograph evaluation during the preceding year. All had normal endocrine and metabolic functions and no family history of diabetes mellitus. Written, informed consent was obtained from each subject in accordance with the regulations of the Universidad Complutense, Madrid, Spain.
Characteristics of the 2001 Vuelta a Españ a
The Vuelta a España begins in late August/early September on the Spanish Mediterranean coast. In 2001, it included 21 daily race stages, with two days of rest (day 10 and day 17) (table 1). During this three week period, a total of 2989 km were covered and the total time raced for the overall winner was < 71 hours. The average total speed for this event was 42.5 km/h. The mean (SEM) daily distance covered per stage was 143 (13) km at altitudes ranging from sea level through to 2000 m above sea level. Most daily stages started at about 1330 hours and finished between 1700 and 1730 hours. Temperature ranged from 17˚C to 30˚C. Nutrition, hydration, timing of food intake, and sleep were kept constant throughout the entire three week period. This is normal practice in cycling competitions to maintain circadian rhythms and consistency among riders. 22 Mean daily food intake during this type of competition is about 840 g carbohydrate, 200 g protein, and 158 g fat corresponding to about 23.5 MJ. 22 Laboratory exercise testing and race monitoring During the four to five weeks before the race, all subjects performed an incremental exercise test to determine reference HRs corresponding to the ventilatory threshold (VT) and the respiratory compensation point (RCP). All tests were performed on a bicycle ergometer and followed a ramp protocol until exhaustion. Workload during these tests increased 25 W/min until exhaustion. These methods have been described in detail elsewhere. 21 HR was continuously recorded during the tests with a telemeter (Polar S710; Polar Electro, Oy, Finland). The workload corresponding to VT was determined using the criteria of an increase in both the ventilatory equivalent of oxygen (VE/VO 2 ) and end tidal partial pressure of oxygen (PETO 2 ) with no concomitant increase in the ventilatory equivalent of carbon dioxide (VE/ VCO 2 ). 23 The workload eliciting the RCP was determined using the criteria of an increase in both VE/VO 2 and VE/VCO 2 and a decrease in end tidal partial pressure of carbon dioxide (PETCO 2 ). 23 We also recorded HR for each rider during each stage of the race using the Polar S710 telemeter. All data recorded were analysed using a computer program (Polar Precision Performance 3.02; Polar Electro), which allows the user to select reference HR values relative to established levels of exercise intensity. To examine the exertional intensity/ volume relation for each rider during the race, we divided recorded HR values into three phases according to the reference values obtained during a previous ramp cycle ergometer test. These phases were: I (light intensity; ,VT); II (moderate intensity; between VT and RCP); III (high intensity; .RCP).
To estimate the exertional volume and intensity for each rider, we adopted a modified approach proposed by Foster et al 19 to the original TRIMPS concept published by Banister and Calvert. 20 This modified TRIMPS model integrates total exercise participation time and relative HR based on the phases outlined above into an exercise volume/intensity measurement. This measurement is obtained by taking the rider's HR for the time spent in each phase and multiplying the accumulated time spent in this phase by a multiplier. Specifically, HR during phase I is scored as 1, HR during phase II is scored as 2, and HR in phase III is given a score of 3:
Total TRIMPS = (min of phase I HR min 6 1) + (min of phase II HR min 6 2) + (min of phase III HR min 6 3)
HRV analysis
To assess HRV we collected baseline (day 0) RR intervals two days before the race and during the two allotted rest days after stages 1-9 (day 10) and stages 10-15 (day 17). We used these days because our data were obtained under field testing conditions in which rider time was at a premium relative to their competition schedule. We were unable to collect data on the last day of the event because this was not a rest day and riders were preparing for the final day of racing (table 1) . We used an IBM compatible PC equipped with a program for signal processing and HRV analysis (Polar Precision Performance SW 3.02). A two channel electrocardiograph signal was detected by a Polar Heart Rate Monitor and transmitted online to a Polar S810 watch receiver. The computer program labelled each QRS complex, and the resulting signal was passed through a filter that eliminates ectopic beats and artifacts. In addition, an RR interval tachogram was displayed for manual editing, and areas of ectopy or artefact were identified and removed by manual deletion. Each edited RR interval was replaced with an average value. Segments containing more than 15% of edited RR intervals were interpreted as a premature beats and excluded from data analysis. These segments accounted for ,2% of edited 10 minute intervals in every subject. The filtering techniques are described in previous reports. 24 25 Resting RR intervals were collected in the supine position for 15 minutes during baseline on day 10 and day 17. HRV was estimated from the last four minutes of data collection. Data were collected on subjects each test morning when they woke up in a semidarkened room. The stability and reliability of time and frequency domain measures of short term resting HR and HRV assessed day to day for five consecutive days in healthy active men has been reported previously. The authors of these reports suggest that, when HRV is measured in early morning, after an overnight fast and before any strenuous activity, the measurements are highly reproducible (intraclass correlation coefficient .0.97 for all HR and HRV indices). 26 This was the procedure followed in our study, HRV measurements on days 10 and 17 being performed in early morning after an overnight fast. Because we were operating under field conditions, all subjects breathed spontaneously. Frequency and time domain methods were used to calculate HRV.
Time domain analysis
To assess the time domain measures, we analysed the standard deviation of all RR intervals (SDNN) over the given measurement period and the square root of the mean of the sum of the squares of differences between adjacent RR intervals (rMSSD). SDNN reflects the parasympathetic and sympathetic influence, and rMSSD is considered to be an index of parasympathetic modulation of HR. 27 
Frequency domain analysis
We used an autoregressive model to estimate the power spectrum densities for the frequency domain. The power spectra were quantified by measuring the area in three frequency bands. We reported the high frequency power (P HF ; 0.15-0.40 Hz; measures the beat to beat variability and appears to be mediated by variations in parasympathetic activity), low frequency power (P LF ; 0.04-0.15 Hz; thought to reflect both vagal and sympathetic activities), and total frequency power (P T ; 0.04-0.40 Hz; represents overall variability). 27 
Statistical analysis
We began our analysis using a repeated measures multivariate analysis of variance to determine overall statistical effects for HR and HRV indices. If a significant statistical result was noted, a Fisher's least significant difference, post hoc analysis was undertaken. TRIMPS data were examined for absolute values, as well as for relative contributions-that is, TRIMPS/day. To normalise their distribution, we applied a natural logarithmic transformation (ln) to all HRV variables analysed in the frequency domain (P HF , P LF , P T ). We used a Pearson product-moment correlation analysis to examine the relation between the exercise volume and intensity-that is, TRIMPS-and resting HR and HRV.
RESULTS
The mean (SEM) physiological characteristics of the riders in this study included a VO 2 MAX of 75.6 (2.2) ml/kg/min, maximal power output of 498 (14) W, and HRMAX of 191 (1) beats/min. Average VT occurred at a power output of 325 (13) W (78.9 (2.5)% of VO 2 MAX) and a HR of 152 (3) beats/ min (79.6 (1.5)% HRMAX). Average RCP occurred at a power output of 438 (12) Overall, our repeated measures multivariate analysis of variance showed significant effects for TRIMPS and all resting HR and HRV variables (p,0.001). Only the TRIMPS data showed significant post hoc effects after an analysis of group means. However, significant correlations were found for all HRV indices accumulated in stages 10-15. Details of these findings are outlined below.
Trimps Stages 1-9 of racing were characterised by 1235 km of riding inclusive of two days of time trials (56 km), five days of flat, mass start stage racing (823 km), and two days of mountain stages (356 km). Total TRIMPS experienced for riders during this period was 2466 (90) (274 (10) TRIMPS/day; table 2). Day 10 was a rest day. Stages 10-15 were characterised by 923 km of riding inclusive of one up hill or mountain time trial (17 km), two days of flat, mass start stage racing (377 km), and three days of mountain stages (529 km). Total TRIMPS experienced for riders during this time period was 2055 (65) (343 (11) TRIMPS/day).
Comparisons of total TRIMPS showed that even though overall TRIMPS for stages 1-9 were greater than for stages 10-15 (p,0.0002), average TRIMPS/day was greater during 
HRV analysis
Post hoc analysis examining group mean HRV comparisons showed no significant statistical effect between baseline (day 0), day 10, and/or day 17 (table 3) . Furthermore, no significant correlation was observed between TRIMPS or TRIMPS/day accumulated during stages 1-9 and either time domain HRV indices ( fig 1A, C) or frequency domain HRV indices (fig 2A-F fig 2F) . The same results were observed when we expressed the data as TRIMPS/day for each HRV index (data not presented).
DISCUSSION
The principal finding from this trial is the observation that changes in supine resting HRV are inversely related to exercise volume and intensity. Although several other groups have examined the relation between ''overtraining'' and HRV, [8] [9] [10] [11] [12] [13] this is the first paper to examine the relation between HRV and chronic exposure to heavy exercise after adjustment for the training volume/intensity relation. Although we did not examine overtraining/overreaching per se, we believe that adjusting for the volume/intensity relation is important for future studies investigating the relation between HRV and periods of heavy physical exercise for the following reasons. Firstly, athletic training and competition are stochastic and prone to changing intraindividual responses to an imposed exercise challenge. Inherent within this paradigm is the idea that adaptation is, in and of itself, allostatic and dependent on a variety of mechanisms including psychosocial, neuroendocrine, musculoskeletal, and cardiovascular responses. A fundamental difficulty in using HRV to examine changes associated with chronic bouts of heavy physical exertion is accounting for individual responses to and from a training stimulus.
For example, during each one of the professional three week stage races (Giro d'Italia, Tour de France, Vuelta a España), some riders are selected to try to win stage victories and are often protected by drafting techniques. This reduces physical exertion in an effort to ''save'' that cyclist for greater effort needed later in the race or overall competition in general. To accomplish this, other riders, known as domestiques, play a supportive role by blocking and working for the rider selected to attempt a stage win. Inevitably, these riders expend a greater amount of energy during competition and training (fig 3) . Examining the group means in our study suggests a trend for various HRV indices to increase from baseline to day 10, and then generally be maintained through to day 17 of stage racing (table 3) . Although not significant, all HRV indices tended to increase during the first 10 days of racing and remain higher than baseline through to day 17. However, the statistical error-that is, SEM-surrounding the mean of the data suggests that there is great intraindividual variability in HRV during race conditions, which will prevent differences in the mean group variables between time points reaching statistical significance. Therefore, quantifying physical exertion relative to training volume and intensity seems to be a more logical way of examining the relation between an athlete's response to exercise training and competition. To adequately examine the relation between HRV and physical exertion in the field, it is necessary to account for the relative degree of physical effort expended by each rider. We illustrate this in our present study using a modified TRIMPS concept. From these results, there seems to be little correlation between HRV and exercise volume during stages 1-9. However, strong inverse correlations are observed between HRV and exercise volume and intensity in stages 10-15. One of the most distinguishing features between these two periods is the average TRIMPS/day accumulated by the riders. Even though each rider rode a greater distance and accumulated more TRIMPS in stages 1-9 than in stages 10-15, it is notable that more TRIMPS/day were accumulated during the second time period. Overall, however, we suggest that the HRV alterations observed are due to the cumulative physical effort over all 15 stages of racing. This pattern is observed by examining the HRV response of a team leader and domestique in figs 1 and 2: a decrease in HRV is observed for the domestique after 15 stages of racing, whereas there is little change in the HRV values of the team leader. Unfortunately, there are no similar trials with which to compare our results. The closest may be those reports examining HRV, exercise, and/or ''overtraining.'' For example, Uusitalo et al 28 examined changes in baroreflex sensitivity, plasma volume, and resting HR and blood pressure variability induced by heavy training in female endurance athletes. During this trial, nine athletes increased their training intensity and volume component by 100-130% for six to nine weeks. In five overtrained athletes, defined as having a decrease in VO 2 MAX, P LF increased during supine rest. The same group, using a similar trial design, later confirmed the results of this trial. 12 Again, five subjects were defined as being overtrained, showing a decrease in VO 2 MAX, and an increase in low frequency spectral power P LF during supine rest. Changes in total spectral power P T during standing correlated positively with changes in VO 2 MAX. The authors concluded that heavy training can increase cardiac sympathetic modulation during supine rest and attenuated biphasic baroreflex mediated response appearing just after shifting to an upright position.
In contrast, Hedelin et al 29 reported HRV findings in nine elite canoeists involved in a six day training camp consisting of cross country skiing and strength training totalling about 13 hours, which corresponded to a 50% increase in the athletes' training load. During this short period of vigorous training, time to exhaustion, VO 2 MAX, and maximal lactate decreased. However, no group changes in HRV were found at rest or after a tilt test. Although resting HR did decrease, this was attributed to an increase in plasma volume. The authors concluded that HRV did not seem to be affected by short term ''overtraining.'' In a case study presented by the same group, however, increased high frequency and total powers (P HF and P T ) in the supine position were observed in one athlete after a diagnosis of overtraining. 9 Interestingly, the authors concluded that there is a shift toward increased HRV, particularly the high frequency range, together with a reduced resting HR. They further suggest that this causes a cardiac autonomic imbalance with extensive parasympathetic modulation when overtrained. Thus, some disagreement exists in the literature about HRV and overtraining. We hypothesise that true overtraining and heavy exertion would attenuate the HRV response for several reasons. Firstly, HR is intrinsically regulated by the balance between the sympathetic and parasympathetic nervous system. In brief, stimulation of the sympathetic nervous system increases HR through the release of adrenaline (epinephrine) and noradrenaline (norepinephrine), which accelerate depolarisation of the sinoatrial node. The same catecholamines also increase cardiac contractility. Parasympathetic activity is regulated by the release of acetylcholine, which acts on the vagus nerve to attenuate sinus discharge. Both of these factors can influence HRV and are referred to as autonomic balance. Optimal exercise conditioning, coupled with adequate recovery, creates a healthy ''imbalance'' per se between the activities of the sympathetic and parasympathetic nervous system in favour of greater vagal dominance. This is due to an increase in parasympathetic activity and possibly a decrease in sympathetic activity. 30 31 In addition, training may also decrease the intrinsic rate of firing of the sinoatrial node pacemaker tissue, 32 33 which accounts for the bradycardia associated with highly conditioned athletes. 32 33 Thus, if excessive training were to alter the high frequency component of HRV-that is, parasympathetic tone-one would expect to see a decrease in the variable.
Secondly, and in support of this premise, overtraining syndromes are characterised by a decreased intrinsic sympathetic activity and sensitivity of target organs to catecholamines, as indicated by decreased catecholamine excretion, decreased b adrenoceptor density, decreased b adrenoceptor mediated responses, and increased resting plasma noradrenaline concentrations and responses to exercise. 34 Earlier studies on athletes showed that changes in activity of the autonomic nervous system, as assessed by HRV during a dynamic orthostatic test, may detect signs of fatigue that may result in overtraining. An impaired baroreflex response after the tilt is such a marker. 12 14 Although we attempted to perform an ''orthostatic test'' by having the cyclists stand for six minutes after supine HRV data had been collected, the orthostatic test is typically performed using a tilt table. Our data are not shown because we feel that they are inconsistent and show great variability-that is, SD and SEM. We attribute this to several possibilities including accessory muscle movement while the athletes were maintaining their balance or ''fidgeting.'' In addition, HRV in general has been shown to be greater in athletes than in those predisposed to cardiovascular events, 17 18 22 26 further suggesting that HRV would increase during a ''state of health'' or decrease during a state of disease or stress.
Using as an example the study of Hedelin et al, 29 the athletes (canoeists) were probably not overtrained, but simply overreached. Moreover, although the training was intense, it only amounted to about two hours a day. Although strenuous and tiring, it may have been insufficient to elicit any change in autonomic balance in such a short period of time. This is supported by data in our study showing no changes in HRV after 10 days of competitive riding at about four to five hours a day. Support for our hypothesis comes from the study of Pichot et al 13 who monitored the HRV of seven middle distance runners undertaking three weeks of heavy training, followed by a relatively restful week. The results showed a significant and progressive decrease in parasympathetic indices (by 41%) during the three weeks of heavy training. This was followed by a 46% increase during the rest week. Conversely, indices of sympathetic activity followed the opposite trend. The most obvious explanation for the fact that we did not find HRV differences across the three measurement periods in our study is the individual variance in TRIMPS. Thus, the HRV comparison within the whole group is probably affected by individual volume and intensity of exercise expended during the race, which is supported by our observation that HRV correlated negatively with TRIMPS.
Another explanation for our findings relates to cardiac fatigue and alterations in the neuroendocrine axis, which is accompanied by a reduction in cardiac b adrenergic responsiveness associated with exercise. 35 One cause of these responses may be the sustained tachycardia of nearly 21 days of continuous professional racing. Left ventricular function has been shown clinically to be transiently decreased after supraventricular tachycardia(s) or rapid pacing. [36] [37] [38] These types of change, in addition to a reduction in cardiac b adrenergic responsiveness, have been noted after as little as one hour of exercise, 35 39 as well as after the completion of an Ironman triathlon. 40 The reduced responsiveness to catechols also correlates closely with the degree of cardiac fatigue, as measured by a reduction in ejection fraction. Another factor that may also explain the inverse relation between TRIMPS and HRV indices is the potential for adrenal exhaustion associated with 21 day stage races. Previous work from Lucia et al 6 during the 1999 Vuelta a España has shown a decrease in basal concentrations of several hormones associated with the basal activity of the pineal gland, adrenal glands, and testis, suggesting a degree of adrenal exhaustion in professional riders during this type of activity.
Our study has several limitations because of its nature as a field study. Firstly, we did not have a control group with which to compare our data. This may be partially overcome through our analysis, which accounted for each rider's relative degree of exercise volume and intensity. Secondly, we were not able to control for breathing during this trial, as this was performed under professional racing conditions and ''extracurricular'' rider time was at a premium. Previous research has shown that uncontrolled breathing may cause a shift of the respiratory peak, as assessed by frequency domain analysis, from high frequency to the lower frequencies and result in an increase in low frequency power (P LF ) and a decrease in high frequency power (P HF ). 27 However, riders were compared against themselves under consistent resting conditions and showed no decrease in high frequency power, which has been shown not to influence HRV outcomes appreciably. 41 Lastly, it should be mentioned that alterations in HRV are influenced by simultaneous training induced changes that are also non-linear. 42 43 Thus, the best way to study true autonomic balance would be by the use of drugs to block the sympathetic and/or the parasympathetic system, as HRV only gives an indirect estimation of autonomic balance. However, this approach would be impractical in day to day monitoring of training athletes.
Our data strongly suggest that changes in HRV are directly related to volume and intensity of exercise, as athletes who showed the greatest cumulative physical exertion also showed the largest decrease in supine HRV. We therefore suggest that future investigations of the relation between long periods of chronic physical exertion should devise means of quantifying the intensity/volume relation of the athletes under investigation. Given the extent and ease of use of HR monitors today, this can be easily accomplished for most endurance athletes using this type of HR monitoring technology.
Take home message
Overtraining and overreaching are not clearly understood or easily monitored. The use of HRV shows promise in diagnosing these maladies, but may be confounded if group mean responses that do not account for individual differences are examined. The TRIMP concept offers a solution to this problem that is simple to administer by accounting for the individual exertion response of each athlete to a training stimulus.
